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ABSTRACT 


A variable geometry fan stage consisting of a 1500 ft/sec tip speed, 
medium aspect ratio rotor ^ a variable camber inlet guide vane and a variable 
stagger stator was tested under conditions of tip radial and 90® one-per-rev 
circumferential distorted inlet flow. Overall performance and stall limits 
were determined for each inlet condition at 70%, 90% and 100% of design speed. 
Extensive surveys of flow conditions were made for the case of circumferential 
distortion. In addition, blade element data were obtained when testing with 
radial distortion. 

This report is the second of two volumes on the NASA Task II stage data 
and performance for inlet flow distortion testing. It contains a tabulation 
of the radial distortion blade element data in Appondix B along with flow 
survey data and vector diagram results from the circumferential distortion 
screen rotation tests in Appendix C. Volume I of this report explains the 
techniques and procedures followed to obtain these data. A summary of dis- 
tortion test data from Volume I is also included in Volume II for reference. 
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APPENDIX A - SYMBOLS 


Symbol 

A 

C 


C 

P 


c 

P 


D 


g 

i 


J 




Description 

Annulus or Streamtube Area 

Chord Length of Cylindrical Section 

Enthalpy-Equivalent Static-Pressure- 
Rise Coefficient, ie for Rotor: 



Static-Pressure-Rise Coefficient, ie 
for Rotor: 


n - ^ * 

P ” Pi ' - Pi 

Specific Heat at Constant Pressure, 0.2399 
Btu/lb“®R 

Diffusion Factor: 

Rotor Vi ’ 2r a Vi ' 

D - 1 - :is. ^ 

IGV /stator “ ' Vj 2P a Vj 

Acceleration Due to Gravity, 32.174 ft/sec^ 

Incidence Angle; Difference Between Flow 
Angle and Camber Line Angle at Leading Edge 
in Cascade Projection 

Mechanical Equivalent of Heat, 778.161 
ft-lb/Btu. 

Effective Area Coefficient Due to Wall 
Boundary Layer Blockage 

Mach Number 

Rotational Speed 


Units 


in. 


deg 



rpm 
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APPENDIX A - SYMBOLS (Continued) 


Symbol 

Description 

Units 

P 

Total or Stagnation Pressure 

psia 

P 

Static Pressure 

psia 

r 

Radius 

in. 

r 

Mean Radius, Average of Streamline Leading 
and Trailing Edge Radii 

in. 

T 

Total or Stagnation Temperature 

®R 

t 

Static Temperature 

®R 

U 

Rotor Speed 

ft /sec 

V 

Air Velocity 

ft/sec 

W 

Weight Flow 

Ibs/sec 

Z 

Displacement Along Compressor Axis 

in. 

> 

P 

Flow Angle ; Angle Whose Tangent is the Ratio . 
of Tangential to Axial Velocity 

deg 

A3 

Plow Turning Angle, = 3i - 3g 

deg 

Y 

Ratio of Specific Heats 


Y“ 

Blade-Chord Angle (Stagger), Angle in Cascade 
Projection Between Blade Chord and Axial 
Direction 

deg 

6 

Pressure Correction, P. ^ ,/14.696 psia 

Actual 


6® 

Deviation Angle, Difference Between Flow 
Angle and Camber Angle at Trailing Edge 
in Cascade Projection 

deg 

e® 

Slope of Meridional Streamline 

deg 

T] 

Efficiency 


e 

Temperature Correction, T^^^^^^/518.7®R 


0® 

Circumferential Position From Tojp Center 

deg 


APPENDIX A - SYMBOLS (Continued) 


Symbol 

Description 

Units 

K® 

Angle Between Tangent to Blade Meanline and 
the Axial Direction 

deg 

a 

Solidity, Ratio of Chord to Blade Spacing 

— 

0* 

Camber Angle, Difference Between Angles in 
Cascade Projection of Tangents to Camberline 
at the Extremes of the Camberline Arc 

deg 

"(5 

Total Preo*iure Loss Coefficient 



*id ” * — Pi -P 

Rotor; w’ = — -=^ — , IGV/Stator; ou = 

Px ' - Pi Pi -Pi 


0) Cos 3s 
2a 

Total Pressure Loss Parameter 

— 

Subscripts 

' 


ad 

Adiabatic 


an 

Annulus 


d 

Downstream Measurement Station (Table III) 


e 

Edge of Blade (Figure 7) 


id 

Ideal 


J 

Iinmersion 


m 

Meridional Direction 


P 

Polytropic 


s 

Measurement Station (Figure 7) 


t 

Tip at Station 1,0 


u 

Upstream Measurement Station (Table III) 


z 

Axial Direction 


e 

Tangential Direction 
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APPENDIX A - SYMBOLS (Concluded) 


Subscripts 

1 

2 

0.01 

0.18 

0,95 

1,51 

2.20 

Superscripts 

I 

♦ 


Description 

Leading Edge 
Trailing Edge 

Measurement Station Designation 
Measurement Station Designation 
Measurement Station Designation 
Measurement Station Designation 
Measurement Station Designation 

Description 

Relative to Rotor 
Critical Flow Condition 
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Table IV, Sununary of Distortion Test Data 

(a) Summary of Radial Distortion Data 
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Table IV. Summary of Distortion Test Data (Concluded) 

(b) Summary of Circumferential Distortion Data 
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APPENDIX B - LISTING OF RADIAL DISTORTION BLADE ELEMENT DATA 


Radial distortion blade element data for the Task II variable-camber 
inlet guide vane , rotor and variable-stagger stator are presented for the two 
IGV/stator schedules tested. Symbolic representation of blade elememt data 
pertinent to each blade row is found in Table V. Table VI gives the nominal 
0®/0® IGV/stator schedule data at 70 and 100% design corrected speed; the 
40®/8'* IGV/stator schedule data are listed in Table VII, 
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Table VI. Radial Distortion Data with IGV/Stator Schedule OVO® (Continued). 
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Table VI. Radial Distortion Data with IGV/Stator Schedule 0®/0* (Continued). 
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Table VI. Radial Distortion Data with IGV/Stator Schedule 0®/0® (Continued). 
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Table VI. Radial Distortion Data with IGV/St*tor Schedule 0*/0® (Continued). 
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Table .VI. Hadial Dis.;ortion Data with IGV /Stator Schedule 0®/0® (Continued). 
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Table VII. Radial Distortion Data with IGV/Stator Schedule 40®/8 
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Table VII, Radial Distortion Data with IGV /Stator Schedule 40®/8® (Continued) 
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Table VII. Radial Distortion Data with IGV /Stator Schedule 40®/8* (Continued), 
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LB Chtck n«r/lo«.Flo» - 1.068^ B dwell no»/fc«.n» 

ftaeiifl LB flow CoafT. - 0.9500 »a i— <1 IB Flov Court. 


APPENDIX C - LISTING OF CIRCUMFERENTIAL DISTORTION nX>W SURVEY DATA 


Circumferential distortion flow survey data for the Tusk II stUKe arc pre* 
sented at 70 and 100% design speed for both IGV/stator schedules tested. 
OperatinK conditions at each IGV/ stator schedule included maximum flow, inter- 
mediate flow and near stall. Flow survey data at the 0*/0'^ (nominal) IGV/stator 
schedule for the above operating conditions arc listed in Tables VIII, IX and X, 
respectively. The 40*/8* IGV/stator schedule data arc found in Tables XI, XII 
and XIII . 
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Table VIII. Circumferential Distortion Flow ^rvey Data; 100% Speed, Maximum Flow, 
IGV/Stator Schedule 0®/0®. 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum flow, 
IGV/Stator Schedule 0®/0® (Continued). 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow, 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow, 
IGV/Stator Schedule 0®/0® (Continued). 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow 
IGV /Stator Schedule 0®/0® (Continued). 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow 
IGV/Stator Schedule 0*/0* (Continued). 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow 
IGV /Stator Schedule 0®/0® (Continued). 





Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow 
IGV /Stator Schedule 0®/0® (Continued). 
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Table Vlll. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow 
IGV /Stator Schedule 0®/0® (Continued). 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maxinun Flow 
IGV /Stator Schedule 0®/0* (Continued). 
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Table VIII. Circumferential Distortion Flow Survey Data; 100% Speed, Maximum Flow 
IGV /Stator Schedule 0®/0® (Concluded). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV/Stator Schedule 0®/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV/Stator Schedule 0®/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow, 
IGV/Stator Schedule 0®/0^ (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV /Stator Schedule 0®/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV/Stator Schedule 0®/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV/Stator Schedule 0®/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV /Stator Schedule 0*/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV /Stator Schedule 0*/0* (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV/Stator Schedule 0*/0® (Continued). 
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Table IX. Circumferential Distortion Flow Survey Data; 70% Speed, Intermediate Flow 
IGV /Stator Schedule 0*/0* (Concluded). 
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Table X. Circumferential Distortion Flow Survey Data; 100 % Speed, Near Stall 
IGfV/Stator Schedule 0 °/ 0 ® (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall, 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall, 
IGV/Stator Schedule 0®/0® (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall 
IGV /Stator Schedule 0®/0® (Continued). 


. • ••u nr>fOPOK3nf^pnwr)»nr> 

7 oooocv^«<^»9^^»o o • 


03 

z 

• • 


• • 


X 





«J 

to o 

0 

0 

5 
0 
0 

6 
0 
0 

o c 

















K 




9 










U 


^ •>< O) K3 

^ (M « C 

o M ^ r> 








« lA 

« K> ^ 

▼ IfN « ^ 


>> 

O' 


^ m 

X 

• 

»M «\j rw rvi 

v4 IM tv CM 

CM fV CV ^ 


►- 

« IC 

«>4 «-l (N v« K) o K> o* 



o 

• • • • 

• • • • 

• • • • 



• •• •• 


> •» • 

• • 

7 

♦ •-I •»! m" 



u 

<M K) 

k:k 

fv 






mm 

O 


^ ITN 

UJ 





M 

•J 



rw 

or 
















> 










ii\ 










► 

«-C 

«-• o ro 

CM C^» 

<»««««> 

§0 











fO 

CM ft) <> 

CM ^ 

W 

r* ^ « CM ft% 

• 


► 

« 3 CD 

«>4 OJ O 03 

o ^ ^ ro 

• 

mm 

• 

• • • 

• • 

m 





O IT 

fO o 

^ ir 

CM K) k/> o 

ft) « 


«J 

fO 

CO o CM CMir 

CM « O CD ^• ^ 



M 

• • 

• • 

• • 

• • 

• • 

• • 

UI 

o 

ir> « CO m ft> 


CO ♦ ft\ 



L> 

IM r) 

K> ^ 

^ o 

«D «4 o K 

CM CM 

ft 

-1 

•0 

CO CO CO 

CM CO 

CO 

CO CO CO fO fO 


CD O 

m IT 

IT tf> 

o 

«} 

CD 

^ ir> 


UJ 


^ 

vH 

r4 

w4 ^ w4 


4 

-J 

fs. rv 

rv 

« « 

ir> « 




> 






M 


ui 
















> 














Oi 
















a 
















o 

























3 







i/i 









o 


O o CD 4l> 

O ft> (A 

CO O ^ tf> 


3 









UJ 

CM 

^ O tf> 

C3 <D 

f\j o otf\ irt cv 


O 


(M O 

m u\ 

o o 

««> 

fU «-C o 

u. 

-1 

• 

• • » 

» • 

• 




UJ 


o «o 

K3 O 

K3 

K) K) 

IT) 



O 

« <> u% 

fv <> 


O^ « o 


u. 

-1 

• • 

• • 

• • 

• • 

• • 

• • 

» 

z 

IC\ 11% )A «l> l/> 

O 

4> i/% m i/% if\ 



c 

o o 

ri CNJ 

O fO 

^ ir 

«-( O 

o o 

•J 

M 







tn 

X 



1 

1 t 

1 


OJ 








CO 

< 







or 








4 














































r*. 









iT 



«-4 X O CO lA 

u> 

^ « CM CM V> 

• 



^ c> o 

<> Ok Ok Ok 

O' <^ 

Z 

>- 

lA 

o Al V-C X M’ 

lA 

X X ^ O CM 

CO 

• 

*D 

•C 


< 

< <c 

'C O X 

« « 



• 

* * • • mm 

• 



• a 

• 

• 

• 

• 

• • 

. • • • • 

•. • 




M O C^ <^ X 

o 

«-IOk O X 


c- r 

cc 

CD 

X 

X 

X X 

X X X X 

X X 


O 

CM 

CM Al iA r*^ 

o 

O M- ro CM CM 


o UJ 

«-l 

r4 




mi t-4 


• 

O 

«-C 

«H «-• O O «-l CM 

CM «-C ^ 9^ «-• 


►- ►“ 

iTi irt ir\ 

tf> 

tf> lA 

lA lA lA U> 

U% lA 

mJ 


vH 

^ ^ W 


m4 w4 m4 

II 









UJ 

UJ 














IT 

> 





tn 















D 















mm 















G 

UJ 














< 

u cr 

o 

« 


Ok 

o o o X 







cr 


cc 

X 

X 

X 

^ X 

<3 lA M- (M 

O X 

(9 

> 

X 

C3 O O fv ^ 

iA 

«-l X X X lA 


C- CO 

• 

• 

• 

• 

• • 

• • • • 

• • 




OX Ok CO M 

*A 

X X X r*^ 


«< to 

D> 

D* 


0‘ 

8 

3 

9 

0 

0 

0 

9 

9 

< 

mm 

• 


• 



UJ 






^4 m4 ^ 


C- 

u 

O 

O CO 

5 

7 

5 

3 

9 

7 


(/: X 









o 


«4 CO M* 


X m4 


a. 








i/1 



1 

• 

• 1 










OD 

UJ 














M. 

> 







CO 

Ui 
















4A 


a: 

fO 

mi 

CM 

O O' fN 

M X 

M- CM 

CO *o 



o 

o 

o o 

o o 

o o o o o o 

C^ 


• Z3 

X X 

X 

X 

X fk. 

rk. 

X X 

X X 



Q 

o 

o o 

O X 

0 0X000 

• 


»- to 

• 

• 

• 

• 

• • 

• • 

• • 

• • 

-1 

o 

m 

• 

• • 

• • 


o 


o to 

CO CO CO CO 

mi mi 

9-1 CO coco 

CO CO 

UJ 

UJ 


M- 

M- M- 

M' M- 

M- M M M* M- 



C- UJ 


mi 

mi 


mi mi 

mi mi 

rH mi 

mi mi 

UJ 

UJ 

CO 

CO CO CO 

fOCOCOCOCOCOCOCO 

M 

M 

cr 









X 

Q. 


mi 

9^ ^ 

mi mi 

^ ^ ^ 



a 









3 

CO 

mi 

mi 

mi mi 

mi mi 

^ ^ mi mi mi 


o 


















z 

















• 

z 

















o 

o 

z 

X 

X 

X 

X 

X X 

X X 

X X 

X X 


z 






z 


o 

o 

O 

Ok 

o 

Ok O' 

o o 

o o 

o o 


o 

X 

X 

X X 

X X 

tfl fiD CD tfl flD ^D 


CO 

• 

• 

• 

• 

• 

• • 

• • 

• • 

• • 

• 

mm 

O' 

o 

Ok c^ 

O' o 

^ ^ o ^ o 


UJ 

(T 

CJ c- 



r»* 


fkk fs. 

fv 

fkk 

r< 

CJ 


• • • 

• 

9 • • • 

• • 

• • 

z 

UJ 

cr — 

CM A 

X 

mi 

M fkk 

O CO 

X o 

CM 

A 

cr 


tk* rv 

fkk 

^k rs 

r'k 

hk. 

< 

z 

i-k (O 



mi 

9-C mi 

CM CM 

CM CM 

CO 

CO 


CO 

CMIA X 

mi 

M* ^ O fO 

X o 

CMIA 


X. 

CJ o 









u 

o 


mi 

«-l 9-4 CM CM 

CM CM 

CO *o 

(L 


a. 










a. 







174 


Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall 
IGV Stator Schedule 0®/0® (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall 
IGV /Stator Schedule 0®/0® (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall, 
IGV/Stator Schedule 0®/0® (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall 
IGV /Stator Schedule 0*/0* (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall 
IGV /Stator Schedule 0®/0® (Continued). 
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Table X. Circumferential Distortion Flo’w Survey Data; 100% Speed, Near Stall 
IGV /Stator Schedule 0*/o* (Continued). 
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Table X. Circumferential Distortion Flow Survey Data; 100% Speed, Near Stall 
IGV /Stator Schedule 0®/0® (Concluded). 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Plow, 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow, 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40®/8® (Continued), 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flcmr, 
IGV/Stator Schedule 40®/8® (Continued). 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40*/8® (Continued). 




Ids 


tJ 

« 9 




d «4 fn rt d < 


• • Ul O OC*w900«»0 


tf^dw40«dd« fOdlA^ 
Or4»«D«dCwr)0^ w40w4 


ooc»o«-ir)w40i 


^ o «fo«irvd«4iriPdtf\w4ir 

• d««>d«ddr)d«^«) «d^ir\irofl>«dpk«» 

« • 0OOdMN«Vir^C>»w4«*4O «C^ •••••••••••• 

*-• • ^ •••••••••••• oo«>4d^ mod «-«ryk om 

^ T virir\^«»oow4ff>tfNir\ir o 

r> III ^ pok%k>*^ • o 


lw4^d«fOw4d» O O 

*odr)»OK)r)dd»r»r <*)>» «)^r>c>>K)K>o^«do*Od 

<•-• •••••••••<>•• 

Iw4w4v4w4^^r4w^w4w4 ►“ O 

o K>»ow»oK)>r#o^WfirK?r> 

t/i _j 


90 

Ui 



0 

tt 



d 

-■D 

»(^O»O»0d0C^O(99k9» 


• 

»- (A 


-i o 

d 

O (/I 


Oi OJ 


K Ui 

Ww4v4w4w4w4w4«4w4w4w4w< 

Ul Ui 

N H 

Z 


X a. 


a 


3( Cil 

O 




z 




- z 




o o 

z 

ooooeooooooo 

Z 

z •-• 

o 

oooeoooooooo 

o 

V) 

• »i« 



Ul K 

o »- 


U K 

Z OJ 

a »• 

dtf\0 e^0cr diA 

a M 

< £ 

c/> 

w4«-lw4dddd»OfO 

i/> 

^ Z 

o o 


o o 

a. 

a 


a 




' iO ^ 0 0 9 0 0 


OOOOOOOOOOOC^ 


dlTH0 ««^dOrO0OkdlA 
w4w«^dddd9i0 


Table XI. Circumferential Distortion Flow Survey Data; 70% Speed, Maximum Flow 
IGV /Stator Schedule 40®/8® (Concluded). 




^ O w 40 






OOOOOOOOOC300 


>• » r> ^ 

► ••• •••••••••••• 

Otf\ ^ O W4IA 0» m OlM » <»» « o 

M •••••••••••• UlO 

90 ill 


3 

o tf\ o w4r^ w4f^ o ir« r> ^ » 

^Ui CM w4 W4M CM O' 0» « ^ 

0'r^M‘w4r^o«»o^r^r4M^ u-J •••••••••••• 

1 UJ O'0C^tf>ir\^^MMiDCir O w4w4w4w4«4M^IC\^0«-«w4w4 

, ^j •••••••••••• • 2 IC\ IC\ tf\ W tf\ IC\ lC^ 1^ tfV IfV 

49 <^^0»0'«D^ W m ^ < 


Otf\ w4 « ^ lA ^ 
• r)CMlC^^o^^o 


O' O ^ 
O O' lA lA 'O 


w«w«w4w4w40'0' 

OIU 

►- ►- lAlAlAllMAIAIA 


CM w« w4 U 

^ ^ ^ ^ «o 

lA lA ICN lA CA _J -• 
UIUI 

or > 


CMAtAO^r^tf^v^CMor^Mr) 

roiAiAw4K)roo'co^A<« «-• 

OlA^OC'^OOOOMIOCMtA 
OCt'0'0'0'««AI0'» w400 
M)«AlAfAIAM> MklAIA « 


^-CCMCMCM^COOttOlAOvM 

CMCMCMCMAIIOCOCMAI^CMCM 


fs «4CMr^O» AICMIA^^<^»^^ 
130 0<MOw-CIAM>r^ T^oro 


or^M^CM 

^«)«>a)A>'OCAiu<9M)r^r^ 


lA 

Ul 

G 

m 

CM 

•o 

• 

A- cn 

AC 

O CO 

• • 

A- Ul 

or 

O 

z 

A 

• z 

o o 

z 

z —• 

o 

•• 

• »• 

111 ac 

o c- 

Z 111 

or »« 

« z 

««wc/» 

_l z 

o o 




lA lA lA lA S<\ lA lA lA lA 4A lA lA O 

• ••.•••■•.••.•.».• • • »« 
O «> « « O CO o CD « «) O O O ^ 
wCM^r^OfO^O'CMlAOwM^ OC ^ 
«M «C ^ v« CM CM CM n fO ^ CO 

CJ o 

A. 


'0*OM>*0'0'0'0'OM>'OM>'0 


IAIAIAIAIAIAIA»\IA«AVN|A 

COCOCOOCOCOOCOCOCOttO 

^^A«.0»0'00'CMIACO«CM' 

vCw^wC^CMCMCMIOCO 





CIRC. W*HEtL ARS TAN3 R£l. T*mq R»-L. ^’LOw REti REi., '»ACH wOCAj. 

position S»*EED velocity VcL3CITY ANGuE VfctOClTY NO, bT, PtOH 








^ r^. « « oo» « 4 «-•f 09 c^ttooAc^i«^^o^ 


*4 «4 *4 «4 «4 v4 ^4 v4 «4 v4 «4 «4 ^4 «4 «4 «4 «4 «4 v4 v4 «4 •■* ^4 


?Vf^ (V(VN^' 4 )<^(>S>OT 4 tf\||\» oo«mo>o 




« 4 irf>noj«D«)'C^ c>^^o«oirooo^ 9 'C 
*-iCMo» 4 >cvK>oror^flOO‘f^^tfN 


w^» 0 * 0 f 000 « 44 ) OIOnt 4 > 0 ^r^lA 



^r^^>‘<^fo^M^•rr^^^ ^-ik*. ^K>^f^/orow^i\»K>fo<VN- 4 m 
COCMOirmo C?Or4»eMr4^C^fiC^^<^n^ll^’^^W 


OfN»rooc^jtf^c^ro«^«^lDT-looNr «> r4CMir\o«^o«o 
till «-irvrO«-i*H r 4 T 4 «-«K)fOCM«-«W^«H» 

I I I f I I I t I t 





rofor)K>K>KifOPOKir^forowKfOfOfOWK)fOforo»ow 



coooooooooc oooooooooooo 
CC COC. OCTOCOC^C oc oocooooco 


Oirou>otnoir\otf>o«notf>otf> 04 Aotf\o 4 Aoir> 

«- 4 « 4 «-lv-l^«-l« 4 CVCVC>»(MCVrW» 0 r 090»0 


0k 

0 





m W4^w^w^w4w4w4^w4^9t949^^^wk9^w4wkw4wkw4w4w^ 

o r> r> o « « o « fv IV « « o « « «\ « « tf\ «<«i 04IV « u 

z • » » « » e *« OMO o» » o o> » ^> rv v4 ^ o» » » • o • 

IK fo r> nr> r> « « «• « « IV ivr> IV IV IV « « « « r> r>r> IK j*- 

4BI -» 

40 ooooooeooeoooooooooooooo 

z 


C 


z 

u 


■o 

0) 

K 

CO 


>• V • ooooooc'oooooeooo^^^ooooe 

^ o •••••••••• •••••••••••••• 





> 


s 


0 


0 


0 

► 

iH 


«4 

►- 



• 

•>« 

• » 



v» 0 

ctf 



s 0 

^ _4 

•p 


» 

UI 

ed 



> 

a 


41 

a 



• 

0 


>» 

-# 


0) 

•o 

(/» 


> 

<u 


0 


3 


^Ui 

3 

C 


u ^ 

CO 

•H 


0 
/» z 


P 


on 4 


c 


< 

0 

0 



iH 

u 

0 


CI 4 

w 

0 




Ki 


c 

0 

0 

00 

fO 

«4 

• a 

p 

\ 


^ V 

p 

0 


0 Ml 

u 

0 

n 

^ ►« 

0 

Tf 



p 


C/1 


tn 

(U 

0 


•H 

rH 

0 

UJ 

Q 

3 

< 

0 cr 


•Q 

rr 

•-. -1 

iH 

cd 

0) 

ii: 


»* 4 /> 
«t 1/1 
»“ UJ 

•H 

0 


c /1 cr 

P 

CO 


a 

c 



0 




u 

0 



(U 

p 

P 

cd 

PO 

c 

Ui 

a 

s 

p 

«4 

•■3 

3 

u 

CO 

\ 

0 

TOT 

ESS 


> 

» ■ 

ac 

•H 

a 


a 

u 

PI 

0 




2 




• z 
o 0 

z 

• 


z 

0 

M 


C/) 

• •>« 

M 


UI or 

0 K 

□ 


Z Ui 

« « 

•"S 


^ £ 

99 in 



^ Z 

0 0 

(U 


Ik 

a 


Xi 

cd 

H 




^ Mo«fo>or^o«io^« "O *o 


o ^ oK>'Cc«oa (>ra^ro«or%tr^f>j« c o rr a »o 


oooo«-4c^r>^u>^ir\9^o(v«» 

Ktft rtiiitfttiii 




^4 ^4 ^4 ^4 ^4 94 m4 94 w4 94 94 94 w4 94 w4 94 94 w4 w4 w4 w4 94 ^4 ^4 
i/NtAi/«ir>(/Ntfstf>ir. inirtiTki^tfNir lAUNir^irviniri^irtt^tA. 


«-fr-IO0l^^Of0•0^^•Ct>^^«U^^OI^^«-4^^^ r4^ IB <y O 


CM fv ra fv CM (Nt CM M C4 rj f j CM rj rv rv (V 


v^fCMKC CVC^*«)«4COir«l|N<>^P^ CM«Ct« 
*0'o^rv#*otM»o*o*oorM:MfMr^rMfMrMfM'0«o"0'0*OfM 


^4 ^ w4 94 94 w4 w4 ^ w4 W W W vH zr1 *4 r4 *-< *4 *4 »4 *4 


oooooooooocooc^oooooococ 
0000000000 0000 000000000 


oir. oiTNoiAoiAoir. oirc(T. eir. omotc\omo;A 
f-cro^roi^o* OCMfOlAOCOO «H0J^ tfNf*>OOv4K> « 
#4W«4^W«4W(MCMCMCMCM(MrOrOr<OrO 


»- OCM^ Ov4« 


JO t% fO ^ 0«rv^lC0tf^» 

ulo ^r^r^9^^tf\M%ir^^rM«4CM«iA««fMCM^ooc^oo 

a _i ^v4*4v4v4^^v4v4v4^«i4^W^^rM(M09fM^«4v4«4 


O r^OOr>^K>9D^90if\0«tf>CD^90lAC^090|^^||> 

^iij «>^^ll^^^o^^o9o«<^e^oo^r^o^«>«*40tr^'C«>Ko 


IS «oooc9r^«oir. 'CCMK^fOfOK^^oxaoipo^ 

• 7 


or 


C3 r*vr^;A^««4fNO«'*^OirCMO;nif C^^w4fM^4f O 

^i/N^fO»^OK>r^O«IOC\|9rirNOO^»©^CM«-CO^K> 



UI UI 

or > 


CS 4^ 94 y 3 C •-• O fs. ^ 

onk€^c^o^» owoiK^KtCMCVv-t^oo 

•4ooo*nr:or»r“Ooc>o»i4«.4*4*>4*4^^*4«-4^w 




(r y- •-< fM o v4 O' r^ o4T^r«»^i/\o90iroo^vo4'. <cootA 
po^p04Ciroo«A4tcroa>ou>9^ocC'Or«-;Moo^^^ 

««*.4 .•••••••••••••••••••••••• 

»-o r*^roocM(MCMooo^oo«-t<3CMr^o.«-«ir(DCMr^^«H 

Cl » » I 94 CS/f^f 4 i^ 9 U>€>j 94 ^(VCV‘^^K 1 C\jM^iz- 4 ^ 

(/J _| •ll•lll••ll 

CC U.‘ 

<< > 


(Tirxiriric lr *r^tf^l^^l^ll^ i/iir>«c>ioir>tr\ir (r>ir^ir ii>ir 

w4 94 t4 94 04 »4 r4 r4 »4 *4 ^| *4 *4 ^ r4 z4 r4 r-4 »4 »4 ^4 *-4 r4 *4 

-I c. 

•4j4il P*>POl09090»Oi0 9f»K'^K>*090«090!^»0^9090*0«Oy)9r» 

ii;Ui 

X 000000000000000000000090 

3(/) 


C OOOOOOOOOOOOOOOOOCOOOOO 

• M OOOOCOOCOOOCOC'OOOCOCCOO 

(JK 

a 99 a i£\ oir\o(T\ oiA ou^ oirv omou> oir> om oi^ 

9^ t/i r 4 rc^ 431^9 OOir*)X» 4 )flC«>«-CCM«k|\r^OO^Ki« 

00 •4v4»-' «H*4(MCMCMrwCVrM90K'K>f0 

a 


195 


Table XII. Circumferential Distortion Flow Survey Data; 100% Speed, Intermediate Flow 
IGV /Stator Schedule 40®/8® (Continued). 



X X •••••••••••••••••••••••• s 

40 oooooooooooooooooooooooo 

V 


X 

tJ 

_t * m m m m m m • 

« ui 




ooo ooooooooe ooooooo ooooo 


90 


w4f^tf\tfWV»^tf^«CM^r^^«Ow4IOOOktO^ w4CM Oi CM w4 




90 lOCMIOCM 


.»o 

UI O 





X 

o 

->UJ 

«MMloc^lr^tf^lr. oiriOfMMeicocirr^rorMoioc if 


O OO^CV»0|C>'C^^Of«^Mr4«-(^<Of^r^«C\MKCVw4 

1,0 z % iiiiiirctit^ 

on 4 or 


OCMOfO^^IOVOCiOC^M^^C 

O OlO r4CMir\PO«M4>M w4r^OOOI0^ir>fV9 




o 

00 

IT 


• A 

^ r 

o II* 


H 

CA 


o 

<^0^9900^<>0k0000k0c>0<><^0^0*0k0000 ZV 

• •••••••».»•••••••••••••• 9- —i 

a)Otf>tf^cr>cn«^«nA^ori«>oa>o«)ao«)o«>«‘io<DM> o 

w4 ^4 w4 v-4 w-4 ^4 »4 ^4 ^4 ^4 v4 «4 v4 • n 

UI UI 

a > 


« r4f^ MWwo<>««4Mr^0^ior^iooMiAw4ooir\ 

ooo w 4 90 ^ M>«WN^PA€MMv 4 


o u< 
< u a 

rr •-• “? 

►- 1^. 
*t M 
I- Ui 
iT or 
a 


Of-iocofAi^ ofO'C«ooooc*<MO v4'orw(Oror^«DO 
oooflnen^^r^^irsMMMMMirNiA^^r^f^o^ff'tf: <r ri> 



f4 C4 C4 rw 04 C4 t4 04 04 04 04 04 04 04 04 04 04 rj 04 04 04 04 04 ^ 

*-l*4«^»^»-l^w4w4w4*-l*4r4*-l»-4w4tHr4T4w4T^T4r4T4w4 ►- L> 

O 
(/) -I 
X u 
^ > 


CMC»*O^fU®DM*-iT*lC\.M»A®0*‘M>K>fs. r40^M)M>f\ICK 

4 ) oM r^oooM^roor^M ro ia «-iifv «-# <c cm »a » ® om 


MfOOr^ OCMCM«-IM‘IOT4IOCD'0^rOCMflOOf-lw4CMO^CM 
I r4r4fOMlA^r^«DM<M ICMMM)lO>lfNMIOCMw4^ 

I I I I I • I I I I 


in 

Ui 

X 

or 

r4 


• 

K u: 

O 

C3 (A 
► L4 

II u 

X 


& 

• 


c 




• ^ 

O C2 

z 

z -» 

o 

u: 


i.' cr 


Z UI 

X •-• 

^ X 

—t (A 

-1 J 

o o 

a •-• 

CL 


cj c fMc.<rMrv«-ir^#^o^o^<iCc-«^w4r>wioo>«HX 
•0'M«0*AfM(M'A*0fMOfMfMrMrM'0‘M?M'0«0*','*0'MO'M 


w<44w4w4^«4^^^#4w4*4w4w4»4w4w4w4^ w4w4w4w^w< 


C COOOCC oc: OOC. CDOCOOOOOCOO 
OOOOOOOOC'OOOOOOOOOOOOOO 


& kT cu>oiAou>oi*>oirou> ojxoiAomuL^otr. 
v-IIAM ^f^>orVIOlO>'OXO v^rvjM’lA^ 0>0«4K)M 
«l«4^<«4f-««-lr4:MCM:MCMCMCMIOl^?OK« 


^^«4^^«Hw-fv4v4w4v4w «4w4^»4w4^w4^w4w-l^»4 

(MfM(M(VAlAl^Al(MAi'V(M!MrM(M(MrM(MCM;M<MAI(MAl 

C2 .•••••.•••••••••••••••••• 

u I Hi oooooooooooooooooooooooo 

X 


X 

ooooooooooooooooooooooo 

«a>4 Cf^COCOOOOOCOCOOOOOOOCOO 

•••«••••••••••••••»»•••• 

OL ^ OIOO|AOIf\Otf>Otf\OlOOlC\OIOOlOOIf\OlO^OIf% 

•^(/) v4fO^oo«»c^ocMroiA^0o»w<M^ifvr^a>o«<4ro« 

CJO « 4 « 4 w 4 v 4 w 4 « 4 v 4 CWCMfMCMCMfgr>IAr>r> 

X 


196 


Table XII. Circumferential Distortion Flow Survey Data; 100% Speed, Intermediate Flow, 
IGV/Stator Schedule 40® /8® (Continued). 
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Table XII. Circumferential Distortioi: Flow Survey Data; 100% Speed, Intermediate Flow 
IGV /Stator Schedule 40®/8° (Continued). 
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Table XII. Circumferential Distortion Flow Survey Data; 100% Speed, Intermediate Flow, 
IGV/Stator Schedule 40®/8® (Continued). 
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Table XII. Circumferential Distortion Flow Survey Data; 100% Speed, Intermediate Flow, 
IGV/Stator Schedule 40®/8® (Continued). 
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Table XII. Circumferential Distortion Flow Survey Data; 100% Speed, Intermediate Flow 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XII. Circamferential Distortion Flow Survey Data; 100% Speed, Interaediate Flow 
IGV /Stator Schedule 40* /8* (Continued). 
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Table XII. Circumferential Distortion Flow oorvey Data; 100% Speed, Intermediate Flow, 
IGV /Stator Schedule 40® /8® (Con«.l-jded) . 
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Table XIII. Circumferential Distortion Flow Survey Data; 70^t Speed, Near Stall 
IGV/Stator Schedule 40®/8°. 
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Table XIII. Circumferential Distortion Flow Survey Data; 70 % Speed, Near Stall 
IGV/Stator Schedule 40 ®/ 8 ® (Continued). 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV/Stator Schedule 40''/8® (Continued), 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGWStator Schedule 40®/8* (Continued). 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV /Stator Schedule 40® /8® (Continued). 









'Jt 



A 

a A 

0 

0 

2 

9 

O w* 








o 

\£i 

lf> 

lO lA 

A A 

A A lA A 

A lA 








J J 

m 

• 

• m 

• • 

• • • • • 

• • 


• 






A U 

w4 

w4 

«-4 «A 

»4 

1 

1 

1 

1 

r4 ^ 


O 

«-4 CO 

«-t A 

O r) v4 A IT K 

O' 

»4 

u 








M 

^ r4 

r4 

^ CA ^ lA 9 O 

o 

«A 

o • 







40 


A A 

A A 

A A CO >0 CO A 

A 

A 

_JK 







X 

T 

• • 

• • 


• 

• 

C 







A 

o 

O O 

9 e 

C 

0 

0 

0 

0 

0 

o 

O 









A 














r 



















X 












u 

lA 

•4 

A A< 

A A 

O Ki «4 

O lA 






A 

CO CO 

CO CO 

«-C ^ A lA lA CO 

Ai CO 


> 

A 

Al lA C^ 

CO A G K €> O lA 

9 • 

A 

A 

A A 

A A 

A A A A 

A A 


K 

« lA O A 

A CO CM C4 lA (A Ai 

O 

• 

• 

• • 

• • 

• * » • 

• • 

.J 


• 

• V • • 


• 2 

o 

0 

0 

c 

O O 

0 

0 

0 

0 

O O 

A 

U 

O 

A lA K O 

o v4 « o o o 








»« 

O 


a> ^ 'O 

'AAA « A> « <A 

UJ 







X 


CO 

COCOCOIOCOCOCOCOIOCOCO 

iX 







A 

UI 












> 












(A 

m 

lA 


il 

fi. 

O 




I/I IJ w4 

OJ 

> 


a 

J OJ PO O K> ^ O «-« O «r 

u. ^ •••••••••••• 

O IA^IA'0«0«t>»0OrM^«IA 

CD < 




JO tf'lAfviA^K) 

«iic< A>-A^^«.r<»^iA<COOA>.f«i»fS. 
ar.j 

> 


'B 

O r 4 (^«(AA^(A^« 0 «AO» 

.iiij 

u. «i •••••••••• •• 

o »ao‘0(CA>iAr^i>ioO‘p^ 

•2 fOK>IAK)K)K>^^^ W fO to 


nr 


o 


OO<^»OC^O<^O(>»0k<^ 

• A •••••••••••• 

III ^4 v4 «4 «>4 v4 «~4 ^4 «4 v4 

►- lAIAlAIAlAIAlTIAIAIAlAIA 


«J 

2 >• 



O 
• r> 


Lil ui 
cr > 


AiO «-l^lA9k(AOk(^M 


A f-4*AOk ^iriAAfAA r^A 
C O O O IT>^ GO 

miAKIAJ A/AIVOfAKnKA IA*A 


Ci 


kU 

Oi£ A*or<^*-IOh«.Af^»-IU)f^ 

“1 A <n ar» lA A. fs. O'. A* O' cr rf> 

».(A •••••••••••• 

r^CMAlAICgCNJAlAlA^AirafSt 
^ Ui ^ ^ ^ ^ v'C 

u) a 
a 


<*^ >• rs. A *0 ar lA G K“» ^ »r- K' lA 
2^ CblArvOLO^ACVAAJCrO 

4C • •*•.•«• • • • • • 

►-0 fOOi^OiAf-ifOr^rOKif^^ 

O AA>TA CCjO cvokiaaa 

c/)^ AJ(\irMA«Aif\lA«-irVAJAlC\l 
a. UI 



(A 

Ui 

lA 


a 

> 


• D 

• 


C- 40 

Q 


O (/> 



K Uj 

H 

N 

X 



0. 


» 



O 



z 


• 

z 


O 

o 

z 

z 


o 


CA 

• ^ 

u 

a: 

UK 

2 

UJ 

cr « 

A 

r 

•X :o 

_l 

X 

u o 

a 


a 


AAAAA^i-*«-iAAAA 



OOOOOOOOOOOG 
A *0 A A 'O A 'O A 'O *A 


Ai lA 00 *-l ^ A. G lO A O A«IA 
^«^^AlAlAlAirOK) 


AAAAAAAAAA AA 
^ r 4 r-9 w4 w4 w* r 4 r 4 ^ *»4 W r 4 

JQ ••••••••••.• 

UJOJ oooooooooooo 

uj Lu fs.r^rs.rs.fvrvfs.r^fvrvKA 

aaaaaaaaaaaa 

^ 40 


z 

O oooooooooooo 

AAAAAAAAAAAA 
UK •»••»••••••• 

CK r4*Hr4r4»-4»H^^^^r4r4 

•"• l/i AJLAflOr4«rsGK)AOr^iA 

UC •H«-tf-4(VA4AJAlK>K3 

a 


211 


Table XIII. circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
* "/Stator Schedule 40®/8* (Continued). 
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Table Xlll. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV /Stator Schedule 40®/8® (Continued). 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV /Stator Schedule 40® /8® (Continued). 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV /Stator Schedule 40® /8* (Continued). 
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Table XIII. Circumferential Distortion Flow Survey Data; 70% Speed, Near Stall 
IGV/Stator Schedule 40® /8* (Continued). 
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Table Xlll. Circumferential Distortion Flow Sux^ey Data; 70% Speed, Near Stall 
I GV /Stator Schedule 40® /8* (Concluded). 
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